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Zespół Omenna u kuzynów: różny przebieg kliniczny i identyczna 
mutacja genu RAG1.
Omenn’s syndrome in cousins: different clinical course and identical RAG1 mutation
Anna Szaflarska1, Anna Pituch-Noworolska1, Danuta Kowalczyk1, Marek Zembala1, Mirjam van der Burg2, 
Jacques J. M. van Dongen
STRESZCZENIE
Zespół Omenna jest rzadką postacią ciężkiego skojarzonego niedoboru odporności związaną z wysoką śmiertelnością. 
W pracy zaprezentowano różnice w przebiegu klinicznym i wynikach badań laboratoryjnych u dwóch kuzynów z tym 
zespołem i z identyczną mutacją w genie RAG1.  
Słowa kluczowe: zespół Omenna, mutacja genu RAG1
SUMMARY
Omenn’s syndrome is a rare inherited form of severe combined immunodeficiency associated with high mortality. 
This report presents the clinical course and laboratory findings in two cousins with Omenn` s syndrome which were 
different despite of the identical mutations in RAG1 gene. 
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NPUIFSXJUI"QHBSTDPSFPGBUTUNJOVUF)FXBT
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BHFPGEBZT5IFTLJOMFTJPOTEJBHOPTFEBTJDIUZPTJT
DPOHFOJUBMXFSFBTTPDJBUFEXJUIIJHIOVNCFSPGFPTJ
OPQIJMTBOETVTDFQUJCJMJUZUP JOGFDUJPO5IFSEDIJME
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JTIFBMUIZ5IFQBUJFOUXBTBENJUUFEUPUIFIPT
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JOHPPEDMJOJDBMDPOEJUJPO
1IZTJDBM FYBNJOBUJPO SFWFBMFE FSZUISPEFSNJB
IFQBUPTQMFOPNFHBMZ BOE MZNQIBEFOPQBUIZ "QBSU
GSPNFSZUIFNBUPVTSBTIBOEFYGPMJBUJPOPGUIFXIPMF
CPEZTLJOUIFFOMBSHFNFOUPGCJMBUFSBMDFSWJDBMBYJM
MBSZ BOE JOHVJOBM MZNQIOPEFTXBT OPUFE 5IF MJW
FSXBTQBMQBCMFDNBOEUIFTQMFFODNCFOFBUI
DPTUBMBSDI8#$DPVOUXBTDFMMTNN 	
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FPTJOPQIJMTMZNQIPDZUFT
NPOPDZUFT
 	UBCMF 
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 BOE $% 5 MZN
QIPDZUFT5IFWBTUNBKPSJUZPG5DFMMTXFSF$%30
# MZNQIPDZUFT XFSF BCTFOU 	UBCMF  
 1FSDFOUBHF
BOEBCTPMVUFOVNCFSPG/,DFMMTXFSFXJUIJOUIFOPS
NBMSBOHF5IFSFTQPOTFPGMZNQIPDZUFTUPTUJNVMB
UJPOPGNJUPHFOTJOQSPMJGFSBUJPOUFTUXBTTMJHIUMZEF
DSFBTFE0NFOOmTMJLFTZOESPNFXBTFYDMVEFEEVFUP
OFHBUJWFSFTVMUTPGNPUIFS5MZNQIPDZUFTDIJNFSJTN
UFTU#BTFEPODMJOJDBMGFBUVSFTSFTVMUTPGMBCPSBUPSZ
UFTUTBOEUIFGBNJMZTUPSZUIFEJBHOPTJTPG0NFOOmT
TZOESPNFXBTDPOTJEFSFE5PDPOGJSNUIFEJBHOPTJT
PG04HFOFUJDUFTUTXFSFQFSGPSNFE%JSFDUGMVPSFTDFOU
TFRVFODJOHPG UIF3"(HFOFTIPXFEBIPNP[ZHPVT
EFMFUJPOPGUXPOVDMFPUJEFT/PNVUBUJPOTXFSFEFUFDU
FEJOUIF3"(HFOF
4IPSUMZ BGUFS BENJTTJPO PG UIF QBUJFOU CJMBUFSBM
QOFVNPOJB XBT EJBHOPTFE BOE USFBUFE XJUI BNJ
LBDJO DFGVSPYJNF TVQQPSUFE XJUI PYZHFO UIFSBQZ
$PUSJNPYB[PMF HBODJDMPWJS TPEJVN LFUPDPOB[PMF
BOE NFUIZMQSFEOJTPMPOF IFNJTVDDJOBUF XFSF BEEFE
BDDPSEJOH UP EJBHOPTJT PG 04 BOE $.7 JOGFDUJPO
.PSFPWFS UIF DZUPNFHBMPWJSVT TQFDJGJD BOUJCPEJFT
	DZUPUFDU
 XBT VTFE PODF BT TVQQPSUJWF UIFSBQZ PG
$.7BOETVCTUJUVUJPOXJUIJOUSBWFOPVTJNNVOPHMPC
VMJOT	*7*(
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EPTF	NHLHCPEZXFJHIU
#MPPEDVMUVSFCFDBNF
OFHBUJWFBOEDMJOJDBMDPOEJUJPOJNQSPWFE"GUFSQOFV
NPOJBUIFSBQZUIFQSFWFOUJPOPGCBDUFSJBM JOGFDUJPOT
XJUIDFGUB[JEJNFBOEUIBOBNPYJDJMMJOXBTQSPWJEFE
GPSQSPMPOHFEUJNF)FXBTCPUUMFGFECVUEFTQJUFIJHI
QSPUFJO EJFU 	 HLH IPVST
 UIF QSPUFJO MFWFMT
XFSF TUJMM MPX 	 HM
 %VSJOH IPTQJUBMJ[BUJPO UIF
QBUJFOU EFWFMPQFE DISPOJD EJBSSIFB DBVTFE CZ3PUB
WJSVT"TBSPVUJOF GPS4$*%DIJMESFO UIFSBQZ)JDL
Table 1. Numbers of white blood cells (WBC) at first examination in patients with Omenn syndrome
Patient No 1 No 2 Age-matched normal values
White blood cells (cells/μl x 103) 28,0 19,6 5,0-20,0
Lymphocytes 
% of WBC cells/μl x 103 % of WBC cells/μl x 103 % of WBC cells/μl x 103
56 15,68 8 1,568 56 2,5–16,5 
Neutrophils 6 1,68 26 5,096 40 1,0–9,5
Eosinophils 35 9,8 62 12,152 3,5 0,07–1,00
Table 2. Humoral and cellular immunity parameters at first examination in patients with Omenn syndrome
Patient No 1 No 2 Age-matched normal values
Serum immunoglobulins (g/l)
IgG
IgA
IgM
IgE total (kU/ml)
5,67
<0,06
0,34
38 000
9,59
0,08
0,73
37 500
3,83–10,10
0,02–0,14
0,13–0,64
0,00–60,00
Lymphocyte subpopulations % of lymph cells/μl % of lymph cells/μl % of lymph cells/μl
CD3
CD4
CD8
CD19
HLA-DR
TCRab
TCRgd
90 
38 
46 
1 
76 
89 
2 
9000
3800
4600
4
6840
8900
200
70 
58 
11
2 
56
62 
8 
1190
986
187
78
1638
1054
136
53–84
35–64
12–28
6–32
5–8
89–97
1–9
2500–5500
1600–4000
560–1700
300–2000
135–232
2225–5335
25–495
Natural killer cells 3 300 12 204 4–18 170–1100
Lymphocyte proliferation (cpm)
Medium 
PHA 
Anty-CD3
PWM
768
7722
8477
8660
616
2026 
655
2033
Control group*: 
1367±1110
51899±2969
48785±24025
50255±21594
* Control group – healthy 34 children (18 girls and 16 boys), the medium age 2,1±1,1 years 
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NBOODBUIFUFSXBTJOTFSUFEJOUIFMFGUKVHVMBSJOUFS
OBM WFJO *SSBEJBUFE SFECMPPEDFMMTXFSF USBOTGVTFE
GPVSUJNFTCFDBVTFPGQSPHSFTTJWFBOFNJB5IFUIFSB
QZXJUITUFSPJETSFTVMUFEJOJNQSPWFNFOUPGTLJOBOE
EFDSFBTF PG FPTJOPQIJMT CVU EFFQ OFVUSPQFOJB 	
OFVUSPQIJMTMPGUPUBM8#$M
XBTTUJMMOPU
FETPUIFTVCDVUBOFPVTJOKFDUJPOTXJUISFDPNCJOBOU
IVNBOHSBOVMPDZUFNBDSPQIBHFDPMPOZTUJNVMBUJPOH
GBDUPS	(.$4'
JOBEPTBHFPGHNCPEZTVS
GBDFXFSFJOUSPEVDFE5IJTUIFSBQZXBTJOFGGFDUJWF	OP
JODSFBTFPGOFVUSPQIJMTOVNCFS
BOEXBTUFSNJOBUFE
BGUFSEBZT5IFSFXBTOPCPOFNBSSPXFYBNJOB
UJPOCFDBVTFPGBTIPSUFQJTPEFPGDBSEJBDBSSFTUEVS
JOHCJPQTZQSPDFEVSFXJUIFGGFDUJWFSFBOJNBUJPOQSP
DFEVSFT5IFDMJOJDBMTZNQUPNTPGJOGFDUJPOPDDVSSFE
BHBJO BOE4UBQIZMPDPDDVTIBFNPMJUJDVTXBT JTPMBUFE
GSPN UIF CMPPE 5IF BOUJCJPUJDT 	DFGFQJNF EJIZESP
DIMPSJEFBOEMJOF[PMJE
XFSFVTFEBDDPSEJOHUIFQBUI
PHFOTFOTJUJWJUZBTTBZMFBEJOHUPDMJOJDBMJNQSPWFNFOU
BOE OFHBUJWF CMPPE DVMUVSF UFTUT 5IF VOFYQMBJOFE
FQJTPEFPGNBSLFE JODSFBTF JO UPUBM8#$DPVOU 	
M
XJUIUIFOFVUSPQIJMTQFSDFOUBHFCFMPXBOE
FOMBSHFNFOUPGMZNQIOPEFTXBTOPUFECVUJODSFBTFE
EPTF 	VQ UPNHLHIST
 PG.FUIZMQSFEOJTPMPOF
IFNJTVDDJOBUFGPSPOFXFFLMFBEUPEFDSFBTFPG8#$
	M
5IFEPTFPGTUFSPJETXBTSFEVDFEBOEUIF
TJEFFGGFDUTTMPXMZSFTPMWFE5IF)-"NBUDIFEVOSF
MBUFE CPOFNBSSPX EPOPS BOE UIF DIJMEXBT USBOT
GFSSFEUPUIF#POF.BSSPX5SBOTQMBOUBUJPO$FOUFSGPS
GVSUIFSUIFSBQZ
1BUJFOU
5IJTCPZXBTCPSOBUXFFLPGHFTUBUJPOXFJHI
JOHLHBUCJSUI)FXBTEFMJWFSFETQPOUBOFPVTMZ
UPBHSBWJEBQBSBNPUIFSXJUI"QHBSTDPSFPG
BUTUNJOVUF)JTGBUIFSBOENPUIFSPGQSFWJPVTQB
UJFOUmTBSFTJCMJOHT	GJH
*OUIJTGBNJMZUIFQSFWJPVT
DIJMESFO	CPZBOEHJSM
BSFIFBMUIZ)FXBTWBDDJOBUFE
XJUI#$(BOEFOHFSJY#XJUIPVUDPNQMJDBUJPOT5IF
DMJOJDBMTZNQUPNTBOEGBNJMZTUPSZ	UIFQSFWJPVTQB
UJFOUXBTIPTQJUBMJ[FEJOUIFTBNFSFHJPOBMIPTQJUBM

TVHHFTUFE0NFOOmTTZOESPNFBOEUIFCPZXBTTFOUUP
*NNVOPMPHZ8BSEBUUIFBHFPGNPOUI5IFQIZTJDBM
FYBNJOBUJPO SFWFBMFEFSZUISPEFSNJBIFQBUPNFHBMZ
MZNQIBEFOPQBUIZXJUIPVUTQMFOPNFHBMZ"QBSUGSPN
FSZUIFNBUPVT SBTIPOXIPMFCPEZTLJO UIFQBUJFOU
IBEBMTPQBQVMBSTRVBNPVTFSVQUJPOPOUIFGBDFBOE
TDBMQFYGPMJBUJPOPG UIFTLJO JOUIFOBQFBOEBOLMF
SFHJPO *O UIF BOBM SFHJPO q PP[JOH FSPTJPOT XFSF
GPVOE$FSWJDBM BYJMMBSZBOE JOHVJOBM MZNQIOPEFT
XFSFFOMBSHFE"UBENJTTJPO8#$DPVOUXBT
DFMMTM	OFVUSPQIJMTFP[ZOPQIJMTMZN
QIPDZUFT NPOPDZUFT
 	UBCMF 
 -JWFS BOE SFOBM
GVODUJPO UFTUTXFSFOPSNBM#MPPEVSJOF TUPPM BOE
TLJO DVMUVSFT XFSF OFHBUJWF GPS CBDUFSJBM JOGFDUJPO
5FTUT GPS$.7 	FYDSFUJPO JOVSJOF CMPPE1$3
XFSF
Table 3. Results of flow cytometric analysis of lymphocytes B and T 
at second examination in patients with Omenn syndrome
Patient No 1 No 2
B lymphocytes (% within lymphogate)
CD19+
Igk/Igl ratio
0,08
0,5
3,6
1,8
T lymphocytes (% within lymphogate)
CD3+
CD4+
CD8+
CD4/CD8 ratio
HLA-DR+
98,2
29,1
67,9
0,4
20,4
75,3
63,7
9,1
7
6,1
CD3+T-cells (% within lymphocyte T gate)
CD4–/CD8–
CD45RO+
CD45RA+
TCRab+
TCRgd+
CD127+
b2 microglobulin
1,6
99,8
3,1
98,8
1,0
65,2
present
6,8
98,6
7,2
94,8
5,2
91,8
present
Table 4. TCRB and TCRG PCR heteroduplex and GeneScan analyses
Patient No 1 No 2
TCRB genes
primer combinaton
Vb2/Vb24-JbA (FAM) 
multiplex
Vb2/b24-JbB (FAM) 
multiplex
Db1/Db2-Jb (FAM) 
multiplex
PCR product:
clonal 
clonal 
clonal 
PCR product:
oligoconal 
oligoconal 
oligoconal 
TCRG genes
primer combinations
VgIf/Vg10-Jg1121/Jg1323 
(FAM) multiplex
Vg9/Vg11-Jg1121/Jg1323 
(FAM) multiplex
clonal 
clonal 
oligoconal 
oligoconal 

Patient no 1
OS (+)
Patient no 2
OS (+)
Died of sepsis
at 2 months,
OS (?)
Died of sepsis
at 2 days
OS (?)
Fig. 1. Pedigree of patients with Omenn’s syndrome (OS). The mutations of 
RAG1 gene were determined only in patients 1 and 2. squares = males, circles 
= females, slash = deceased,  shaded = affected, not shaded = healthy
P e d i a t r i a  P o l s k a  t o m  8 4 ,  n r  4 ,  l i p i e c – s i e r p i e ń  2 0 0 9
PRACE KAZUISTYCZNE / CASE REPORTS 370
OFHBUJWF 5FOUBUJWF EJBHOPTJT PG 0NFOO TZOESPNF
XBTDPOGJSNFECZ UIF SFTVMUTPG JNNVOPMPHJDBMBOE
HFOFUJDUFTUT5IFQFSDFOUBHFBOEBCTPMVUFOVNCFSPG
#DFMMTXFSF MPXBOE UIFQFSDFOUBHFBOEOVNCFSPG
5 DFMMT BOE/,DFMMTXFSFXJUIJO UIFOPSNBM SBOHF
5IFNBKPSJUZ PG 5 DFMMT FYQSFTTFE$%30 	UBCMF 

 %JSFDU GMVPSFTDFOU TFRVFODJOH PG UIF3"( HFOF
TIPXFEBIPNP[ZHPVTEFMFUJPOPGUXPOVDMFPUJEFTJO
UIF3"(HFOF/PNVUBUJPOTPGUIF3"(HFOFXFSF
EFUFDUFE4JNJMBSUPQBUJFOU0NFOOMJLFTZOESPNF
XBTFYDMVEFECBTFEPOOFHBUJWFSFTVMUTPGDIJNFSJTN
UFTUXJUINPUIFSmT5MZNQIPDZUFT
5IF DIJME XBT CPUUMFGFE 0O BENJTTJPO IF SF
DFJWFEJOUSBWFOPVTDFGVSPYJNFBNJLBDJOUIFSBQZBT
B DPOUJOPVT UIFSBQZ CFDBVTF PGS4UBQIZMPDPDDVTBV
SFVTCBDUFSJFNJBPCTFSWFEJOSFHJPOBMIPTQJUBM"TB
SPVUJOF GPS4$*%QBUJFOUTDPUSJNPYB[PMFLFUPDPOB
[PMF HBODJDMPWJS TPEJVN NFUIZMQSFEOJTPMPOF IFNJ
TVDDJOBUF 	NHLH
 BOE *7*( TVCTUJUVUJPO 	FWFSZ
UISFFXFFLT JOEPTFNHLH
XFSF JODMVEFE JOUP
UIFSBQZTDIFEVMF"GUFSUIFQSPDFEVSFPGDBUIFUFSJ[B
UJPO PG)JDLNBOODBUIFUFS JOUP MFGU KVHVMBS JOUFSOBM
WFJOQBUJFOUOFFEFEJOUVCBUJPOBOEQPTJUJWFQSFTTVSF
WFOUJMBUJPOXJUITVQQMFNFOUBMPYZHFOCFDBVTFPGEJG
GVTFE JOGMBNNBUPSZ DIBOHFT JO CPUI MVOHT #MPPE
DVMUVSFTXFSF OFHBUJWF 5IFNPEJGJDBUJPO PG UIFSBQZ
JODMVEFE UPUBM QBSFOUFSBM OVUSJUJPO BOUJCJPUJDT 	JO
DMVEJOH DFGFQJNF EJIZESPDIMPSJEF
 BOE JSSBEJBUFE
SFECMPPEDFMMTCFDBVTFPGQSPHSFTTJWFBOFNJB(BO
DJDMPWJS TPEJVNBOE *7*(XFSF DPOUJOVFE%VSJOH B
CSPODIJBM UPJMFU QBUJFOU EFNPOTUSBUFE UXP FQJTPEFT
PGTIPSUDBSEJBDBSSFTU	BGFXTFDPOET
GPMMPXJOHXJUI
UFUSBQMFHJBBOEMPTTPGQBJOTFOTBUJPOCVMCBSTJHOT
$SBOJBM VMUSBTPVOET EJE OPU SFWFBM BOZ BCOPSNBMJ
UJFT5IFSBQZXBTDPOUJOVFEBOEJOOFYUGFXEBZTUIF
QBUJFOUDPOEJUJPOHSBEVBMMZJNQSPWFETPUIFEJBHOPTJT
PG CSBJO FEFNBXBT FTUBCMJTIFE 1IZTJDBM FYBNJOB
UJPOTIPXFEBMMFWJBUJPOPGOFVSPMPHJDBMTZNQUPNTBOE
FOUFSBM GFFEJOHXBTTMPXMZJOUSPEVDFE"GUFSFYUVCB
UJPOUIFPYZHFOTVQQPSUXBTSFRVJSFECFDBVTFPGUIF
DJSDVMBUPSZCSFBUIJOH VOTUFBEJOFTT 5IF GPMMPXJOH
FQJTPEFPGIJHIUFNQFSBUVSFJODSFBTFPG8#$	
DFMMTMXJUI OFVUSPQIJMT  FPTJOPQIJMT 
MZNQIPDZUFTBOENPOPDZUFT
BOECMPPEDVMUVSF
TIPXJOH 4UBQIZMPDPDDVT IBFNPMJUJDVT .3$/4 BOE
&OUFSPDPDDVT GPFDBMJT XBT OPUFE 5IF UIFSBQZ XJUI
MJOF[PMJEBOEWBODPNZDJOBEKVTUFEUPQBUIPHFOTFO
TJUJWJUZ XBTXJUIESBXO CFDBVTF PG BMMFSHJD SFBDUJPO
.PSFPWFS UIF UIFSBQZ XJUI BNJLBDJO QJQFSBDZMMJO
BOENFSPQFOFNXFSFJOFGGFDUJWFBOETFQUJDGFWFSXJUI
CMPPE DVMUVSFT XBT OPUFE 5IF QBUJFOU SFTQJSBUPSZ
GVODUJPOEFUFSJPSBUFEBHBJO)FEFWFMPQFEQVMNPOBSZ
FEFNB BOE SFRVJSFE FOEPUSBDIFBM JOUVCBUJPO XJUI
QPTJUJWFQSFTTVSFWFOUJMBUJPO5IFCMPPEDVMUVSFTBOE
DMJOJDBM TZNQUPNT 	SFHVMBSJUZ PG GFWFS
 TVHHFTUFE MP
DBMDBUIFUFSJOGFDUJPO'PMMPXJOHUIJTUIFDBUIFUFSXBT
SFNPWFEXJUITJHOJGJDBOUJNQSPWFNFOUPGDMJOJDBMTUB
UVTBOEOFHBUJWFSFTVMUT JGCMPPEDVMUVSFT 5IFOFX
DFOUSBMWFOPVTDBUIFUFSXBTJOTFSUFEBOE)-"UZQJOH
PGUIFQBUJFOUBOEIJTGBNJMZQFSGPSNFE5IFDPNQBU
JCMF VOSFMBUFE EPOPS XBT GPVOE BOE UIF DIJME XBT
USBOTGFSSFEUP#POF.BSSPX5SBOTQMBOUBUJPO$FOUFS
%FTQJUF PG TFWFSF DMJOJDBM DPVSTF UIF QBUJFOUXBT JO
TUBCJMFTUBUVTXJUIPVUTZNQUPNTPGJOGFDUJPOCVUXJUI
UFOEFODZ UP DBSEJPWBTDVMBS JOTUBCJMJUZ BOE SFTQJSB
UPSZQSPCMFNT
Molecular studies
$MPOBMJUZEJBHOPTUJD
1$3IFUFSPEVQMFY BOEPS(FOF4DBO BOBMZTJT PG UIF
5$3# BOE 5$3( HFOFT PG QBUJFOU  TIPXFE NPOP
DMPOBM1$3QSPEVDUT	UBCMF
5IFTFSFTVMUTTVHHFTUFE
UIFQSFTFODFPGNPOPDMPOBM5DFMMQPQVMBUJPO
*OQBUJFOU1$3IFUFSPEVQMFYBOEPS(FOF4DBO
BOBMZTJTPGUIF5$3#BOE5$3(HFOFTTIPXFEPMJHP
DMPOBM1$3QSPEVDUTXIBUNBEFVOMJLFMZUIFFYJTUFODF
PGNPOPDMPOBM5DFMMQPQVMBUJPOUBLJOHJOUPBDDPVOU
UIFEFUFDUJPO MJNJUPGq)PXFWFS UIFTFSFTVMUT
NJHIU JOEJDBUF 	BOUJHFOESJWFO 
 TFMFDUJWF PVUHSPXUI
PG5DFMMTJOMJOFUIFEJBHOPTJT0NFOOTZOESPNF
%JSFDUGMVPSFTDFOUTFRVFODJOH
%JSFDUGMVPSFTDFOUTFRVFODJOHPG3"(HFOFPGCPUI
QBUJFOUTTIPXFEBIPNP[ZHPVTEFMFUJPOPGUXP"OV
DMFPUJEFTBUQPTJUJPOBOE	OVNCFSJOHBDDPSE
JOH UP/$#*.
5IJTEFMFUJPO JOB GSBNFTIJGU
MFBE UP BO BMUFSFE BNJOP BDJE QPTJUJPO  POXBSET
BOEBQSFNBUVSF TUPQ DPEPOBU QPTJUJPO%JSFDU
GMVPSFTDFOUTFRVFODJOHPGUIF3"(HFOFTIPXFEOP
NVUBUJPO	/$#*.

Discussion
*UJTLOPXOUIBU04JTSBUIFSSBSFGPSNPG4$*%	BCPVU
MJWFCJSUIT
XIFSFBTUIFNPTUPGUFO4$*%	5
#
JTEJBHOPTFEJOBCPVUMJWFCJSUIT)PX
FWFS EVSJOH UIF MBTU GFX ZFBST PO UIF *NNVOPMPHZ
8BSE PG 1PMJTI"NFSJDBO *OTUJUVUF PG 1FEJBUSJDT04
XBT UIFNPTUPGUFOPCTFSWFE4$*% GSPN.BPQPMTLB
SFHJPO	qDBTFTQFSZFBS
.PUIFSPGQBUJFOUBOE
GBUIFSPGQBUJFOUXFSFTJCJMJOHT#PUIPG UIFNBOE
UIFJS TQPOTFT EFSJWFE GSPN UIF TBNF TNBMM WJMMBHF
JO.BPQPMTLB.PSFPWFS JO UIF GBNJMZIJTUPSZ UIFSF
JT DPNNPO BODFTUPS JO UIF EJTUBOU QBTU 	B GPVOEFS
FGGFDU 

$MJOJDBM GFBUVSFTPG04BSF FSZUISPEFSNJB MZN
QIBEFOPQBUIZIFQBUPTQMFOPNFHBMZBOEFPTJOPQIJMJB
5IFNVUBUJPOPGSFDPNCJOBTFHFOFT3"(BOE3"(
 JNQBJS WBSJBCMFEJWFSTJUZ KPJOJOH 	7%+
 SFBSSBOHF
NFOUTXIBUBSFSFRVJSFEGPSUIFNBUVSBUJPOPG5BOE
#MZNQIPDZUFT*OIBMGPG04QBUJFOUTUIJTNVUBUJPOT
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BSFNJTTFOTFUZQF<>5IJTNVUBUJPOMFBETUPEFWFMPQ
NFOUPGQPPSMZGVODUJPOBM5MZNQIPDZUFTBOEMBDLPG
#MZNQIPDZUFT5IFBOUJHFOTTUJNVMBUJPOSFTVMUFEJO
FYQBOTJPOPG5ITVCQPQVMBUJPOPG5MZNQIPDZUFTCVU
XJUIUIFFYQSFTTJPOPGSFTUSJDUFE5$37%+TFU	PMJHP
DMPOBMQPQVMBUJPO
"CTFODFPG#NBUVSFMZNQIPDZUFT
JTTFFO JO MZNQIOPEFTBT MBDLPGHFSNJOBMDFOUFST
5IFNPEJGJFEEFWFMPQNFOUPG5 MZNQIPDZUFTJTBTTP
DJBUFE XJUI VOEFSEFWFMPQNFOU PG UIZNVT JODMVEJOH
MPXOVNCFSPG)BTTBMmTDPSQVTDMFTBOEEFQMFUJPOPG5
MZNQIPDZUFT.PSFPWFS BQSPGPVOE SFEVDUJPO JO UIF
MFWFMPGN3/"GPSTPNFQSPUFJOT	FHGBUUZBDJECJOE
JOHQSPUFJODZUQB
XBTGPVOEJOUIZNVTPG04
QBUJFOUTA<>5IFSFBSFPCTFSWBUJPOTUIBUGFXSFTJEVBM
5DFMMDMPOFTNBZFTDBQFOFHBUJWFTFMFDUJPOJOUIZNVT
BOEUIFSFBGUFSFYQBOEFEJOQFSJQIFSZ5IFGVODUJPOBM
SFQFSUPJSF PG UIFTF 5 DFMMTNJHIU DBVTFNBTTJWF BV
UPJNNVOFSFBDUJPOT<>
5IF DMJOJDBM TZNQUPNT PG QBUJFOUT XJUI 04 SFQ
SFTFOU UXPHSPVQTqDPNNPOBOETJNJMBS JOBMMQB
UJFOUT 	FH FSZUISPEFSNJB MZNQIBEFOPQBUIZ IFQBU
PTQMFOPNFHBMZ
 BOE EJGGFSFOU CFUXFFO JOEJWJEVBM
QBUJFOUT*ONBKPSJUZPGDBTFT<>UIFMFWFMPG*H&
JTWFSZIJHICFDBVTFPGTUJNVMBUJPOCZ*-PWFSQSP
EVDFECZ5I MZNQIPDZUFT5IFTJNJMBSNFDIBOJTN
CBTFE PO PWFSQSPEVDUJPO PG *- JT BTTPDJBUFE XJUI
FPTJOPQIJMJBTFFOJOBMNPTUBMMQBUJFOUTXJUI0NFOOmT
TZOESPNF*ONJOPSJUZUIJTNFDIBOJTNJTOPTPTUSPOH
BOE UIFFPTJOPQIJMJB JTNJMEBOE MFWFMPG *H&XJUIJO
OPSNBM SBOHF < > *O PVS QBUJFOUT FPTJOPQIJMJB
BOEFYUSFNFMZIJHIMFWFMPG*H&XBTOPUFEJOCPUIPG
UIFN.PSFPWFSQBUJFOUEFNPOTUSBUFEUIFNBUVSB
UJPOPGNZFMPJEDFMMTOBSSPXFEUPFPTJOPQIJMTMJOFBOE
BCTFODFPGOFVUSPQIJMTJODPOTFRVFODF5IJTBHSBOV
MPDZUPTJTXBTSFTJTUBOUUPTUFSPJETBOEHSPXUIGBDUPS
	OFVQPHFO
UIFSBQZ6OGPSUVOBUFMZNPSFEFUBJMFEBT
TBZPGCPOFNBSSPXIFNBUPQPJFTJTXBTJNQPTTJCMFCF
DBVTFPGQBUJFOUmTSFBDUJPOUPCJPQTZQSPDFEVSF
5IFMZNQIPDZUPTJTJTDPNNPOJOQBUJFOUTXJUI04
BMUIPVHIOPSNBMWBMVFPGMZNQIPDZUFTJTOPUFEJOQBSU
PGQBUJFOUT<>5IFCPUIQPTTJCJMJUJFTXFSFOPUFEJOPVS
QBUJFOUTBTQBUJFOUEFNPOTUSBUFEIZQFSMFVLPDZUPTJT
XJUIIZQFSMZNQIPDZUPTJTXIFSFBTQBUJFOUDIBSBUFS
J[FEOPSNBMWBMVFPGMFVLPDZUFBOEMZNQIPDZUFDPVOUT
-FVLPDZUPTJTPGQBUJFOUXBTCFMPXMFWFO
EVSJOHCBDUFSJBMTFQUJDFQJTPEFTBOETUFSPJETUIFSBQZ
XIBUTVHHFTUFE MJNJUFEQPTTJCJMJUJFTPGQSPEVDUJPOCZ
CPOFNBSSPX*OQBUJFOUTUIFJOGFDUJPOXBTBTTPDJ
BUFEXJUIJODSFBTFPGMFVLPDZUPTJT	MZNQIPDZUPTJT
VQ
UPMXJUIBHSBOVMPDZUPTJT5IFTFMZNQIPDZUFT
XFSFTFOTJUJWFUPTUFSPJETBOEIJHIFSEPTFXBTFOPVHI
UPPCUBJOEFDSFBTFUIFOVNCFSCVUTUJMMBCPWFOPSNBM
WBMVF"MM5DFMMTXFSFPGBVUPMPHPVTPSJHJOBTBMBDLPG
DIJNFSJTNFYDMVEFENBUFSOBMFOHSBGNFOU*ODSFBTFE
OVNCFST PG DJSDVMBUJOH $%30 )-"%3 5 MZN
QIPDZUFTXBTPCTFSWFE$IBSBDUFSJTUJD GFBUVSFPG04
JTUIFNBTTJWFFYQBOTJPOPGPMJHPDMPOBM5MZNQIPDZUFT
8F GPVOEPMJHPDMPOBM5$3SFQFSUPJSF JOQBUJFOUOP
IPXFWFS NPOPDMPOBM 5 DFMM QPQVMBUJPO XBT QSFTFOU
JOQBUJFOUOP5IFGVODUJPOPG MZNQIPDZUFTPGCPUI
QBUJFOUTXBTBCOPSNBMXIBUJTDPOTJTUFOUXJUIPUIFS
EBUB <> 5IF EJGGFSFOU DMJOJDBM GFBUVSFT PCTFSWFE JO
PVSQBUJFOUTTVHHFTUFEEJGGFSFODFTJOSFHVMBUJOHNFDI
BOJTNTEFTQJUFPGTJNJMBSHFOFUJDEFGFDUBOEDPOTBO
HVJOJUZCFUXFFOPVSQBUJFOUT
5IF MFWFMPG *H(XBTXJUIJOOPSNBM MFWFMCVUCF
MPXNPOUITPGBHFJUJTQSFTVNBCMZNBUFSOBMPSJHJO
)PXFWFS TFSVN *H. MFWFMTXFSFBMTPXJUIJOOPSNBM
SBOHFT)ZQPHBNNBHMPCVMJOFNJB JT HFOFSBMMZ GPVOE
JOPMEFSJOGBOUTTVGGFSJOHGSPN04UIFSFCZTVHHFTUJOH
USBOTQMBDFOUBMBDRVJTJUJPOPGJNNVOPHMPCVMJOTJOUIF
ZPVOHFSPOFT
*O CPUI PG PVS QBUJFOUT UIF WBTDVMBS TZNQUPNT
XFSF TJHOJGJDBOU XIBU XBT QSPCBCMZ BTTPDJBUFE BOE
NJHIUFYQMBJO UIFFQJTPEFTPGFEFNB 	JODMVEJOHDFS
FCSBM
 MFBLBHF TZOESPNF 	NBJOMZ JOUP MVOHT EVSJOH
TFQUJDCBDUFSJFNJBPCTFSWFEJOQBUJFOU
BOEDBSEJBD
BSSFTUOPUFEJOQBUJFOUEVSJOHCPOFNBSSPXCJPQTZ
5IFSFJTOPEBUBBCPVUTVDIDMJOJDBMTZNQUPNTJO04
BOEUIFNFDIBOJTNTBSFVOLOPXO5IFIJHIMFWFMPG
*H&JTVTVBMMZCFMJFWFEBTBTTPDJBUFEXJUIBMMFSHJDSF
BDUJPOXIBUNJHIU FYQMBJO BMMFSHZ UP BOUJCJPUJDT PC
TFSWFEJOPVSQBUJFOUTXJUI04JODMVEJOHTLJOSVTI
EFTQJUFPGQSPMPOHFEUIFSBQZXJUITUFSPJET)PXFWFS
JO BWBJMBCMF MJUFSBUVSF OP DBTF PG 04 EFNPOTUSBUFE
TVDITZNQUPNT
(FOFUJD BOBMZTJT PG UIF 3"( BOE 3"( HFOFT
DPOGJSNFE UIF DMJOJDBM EJBHOPTJT BT CPUI CPZT IBE
UIFTBNFNJTTFOTFNVUBUJPOTJOCPUIBMMFMFTPG3"(
HFOF)PXFWFSUIFSFXFSFTPNFEJGGFSFODFTJODMJOJDBM
DPVSTFPGUIFJSEJTFBTF5IFNPTUTUSJLJOHGFBUVSFPG
QBUJFOUXBTOFVUSPQFOJBBHSBOVMPDZUPTJTSFTJTUBOU
UP UIFSBQZ XIJDI JT OPU B DPNNPO QIFOPNFOPO JO
04QBUJFOUT)PXFWFSUIFDBTFPG3"(NVUBUJPOBOE
TFWFSF OFVUSPQFOJBXBT QSFTFOUFE <> *O UIJT DBTF
QSFEPNJOBODF PG γδ 5 DFMMT BVUPJNNVOF CMPPE DFMM
NBOJGFTUBUJPOBOETFWFSFWJSBMJOGFDUJPOTXFSFOPUFE
XIBU TVHHFTUFE B OFX WBSJBOU PG 4$*% < > 5IF
JNNVOPQIFOPUZQFPG5MZNQIPDZUFTGSPNQFSJQIFSBM
CMPPEPGPVSQBUJFOUTIPXFEFYQSFTTJPOPG5$3αβ
FYDMVTJWFMZXIBUTVHHFTUFEEJGGFSFOUVOLOPXONFDI
BOJTNTPGCPOFNBSSPXGBJMVSFJOUIJTQBUJFOU1IFOP
UZQJDQSFTFOUBUJPOPG3"(HFOFNVUBUJPONBZTIPX
UIFWBSJFUZPGTZNQUPNTEFQFOEJOHOPUPOMZVQPOUIF
MPDBUJPO BOE UZQF PGNVUBUJPO CVU BMTP QSPCBCMZ PO
PUIFSHFOFUJDGBDUPSTBOEFOWJSPONFOUBMJOGMVFODFT
5IF EJGGFSFOU DMJOJDBM DPVSTF PG04 QSFTFOUFE CZ
PVSQBUJFOUTTVHHFTUFEEJGGFSFOUQBUJFOUUBJMPSFEUIFS
BQZEFTQJUFPGHFOFSBMSPVUJOFJOEJDBUJPOPGUIFSBQZJO
4$*%QBUJFOUT%FTQJUFPGDMJOJDBMTZNQUPNTUIFNBJO
JOEJDBUJPOGPSUIFSBQZJTCPOFNBSSPXUSBOTQMBOUBUJPO
	#.5
 XIBU TVHHFTUFE UIF QSJPSJUZ PG )-" BOUJHFOT
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